Introduction
In general, organic syntheses are time-consuming; involving the preliminary estimation of the reaction conditions, mixing of the raw materials and reagents, control of the reaction conditions, concentration, extraction, purification and finally isolation of the desired products. Although some research on laboratory automation, especially for synthesis, has been attempted [5] [6] [7] [8] , an automatic apparatus for the estimation of the optimum reaction conditions, as well as control of all the synthetic processes, has remained an important objective. The authors recently reported a reaction-control methods based on the novel kinetic equations and substituent effect, which made up the computer software for the automated apparatus, and the design and construction of fully automated synthesis apparatus [1] . This paper deals with an application of the apparatus for the synthesis of substituted N-(carboxyalkyl)aminoacids--known as 'unusual amino acids' [9] . Several of these unusual amino-acids have been found to occur in nature; for example strombine, an active fish attractant extracted from Strombus gigas [10] , and N-(carboxymethyl)-L-serine which has been isolated from asparagus shoots 11 ]. However, the only derivatives ofN-(carboxyalkyl)amoni-acids which have been synthesized, are a series of N-(carboxymethyl)amino-acids [12] .
The reaction ofamino-acid tert-butyl ester acetic acid salt (1) with keto acid (2) in methanol gives an unstable intermediate. Schiff base, which is then reduced with sodium cyanoborohydride to afford the N-(carboxyalkyl)amino-acid tert-butyl ester (3) . The products obtained from natural L-amino acids, all of which have an S-configuration on the chiral centre, except for cysteine and methionine, were generally a mixture of diastereoisomers [(S,R)-and (S,S)-isomers]. As the diastereoisomers were separated, their configurations were also determined by means of circular dichroism (CD) mesurement. Results 
and discussion
Procedure for the automated synthesis
The automated synthesis apparatus used is shown in figure 1 . All synthetic processes, including washing and drying of the. apparatus after a synthetic run, were automatically performed; from the mixing of reactants to R-CH-NH2HOAc + O=C-R' kl CO2Bu CO2Na (1) the isolation of the products as powders. The prediction of the optimum reaction conditions and the reaction control in real time, are accomplished using the novel kinetic equations and substituent effect which make up the computer software, as previously reported [4] .
As a typical automated synthesis using the apparatus, the reaction of L-leucine tert-butyl ester acetic acid salt (4) with 2-ketoisocaproic acid sodium salt (5) figure 3 .
The peak at the retention time (27"2 min) was not clearly identified but it was attributed to decomposition products of the sodium cyanoborohydride and the keto acid. The two peaks having retention times of 52-3 and 66"3 min were identical to those of the diastereoisomers of N-(3-methyl-1-sodioxycarbonyl) butyl-L-leucince tert-butyl ester (6) . The analytical yield calculated from the area of these two peaks was almost quantitative on the basis of the calculated yield presuming consumption of reducing agent. The fractions collected at these two peaks were transferred to the freeze-drying unit, but the fraction eluting from 54"8 to 58"0 min was not collected. Thus the combined synthetic yield of both isomers of 6 was 72"5%. 7.18), 3 .00 (t,J 6.27) 3 .00, 3.05 (each t, J 6"60) 2 
